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On the basis of a study involving the nonconfidential 
data associated with over 1200 oil sands evaluation holes 
and OO wells, the Board describes the oil sands deposits of 
northern Alberta and presents its estimate of the reserves 
that they contain. 

The oil sands deposits are classified into three main 
groups that are distinguished from each other by the 
stratigraphic unit and the area in which they occur. The 
Athabasca deposit occurs almost entirely within the Wabiskaw- 
McMurray unit and is located in the northeastern part of 
Alberta; the Bluesky-Gething deposits exist in the Bluesky 
and Gething formations and are situated in the northwestern 
barteyoat the Province, and the Grand Rapids deposits occupy 
portions of the Grand Rapids formation and are located in 
the central part of northern Alberta. 

The evaluated portion of the Athabasca deposit occupies 
about five and three-quarter million acres and is buried by 0 
to 2000 feet of overburden. The evaluated portions of the other 
two groups of deposits together cover over two million acres 
in area and are buried by between 500 and 2500 feet of over- 
burden. 

The oil.content of the deposits varies laterally owing 
to pronounced variations in both the gross thickness of the 


deposit and the degree to which the oil sands are saturated. 
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Thickness variations are caused by irregularities in the 

Pela et ote ene sunderlvitip £raleotoic surface and by the lateral, 
transition of the upper or lower oil sands to shale or water- 
bearing sand. Saturation variations are caused by changes in 
the ratio of interbedded shale partings to oil sand and 
changes in the texture of the oil sand. 

Reserves have been estimated for the oil sands that, in 
the opinion of the Board, warrant an evaluation on the basis 
of the magnitude of the reserves and the adequacy of the data. 
The majority of the reserves in place were estimated by 
deriving oil pay values for each hole or well, plotting the 
values on maps, connecting the values by isopachs and measuring 
the reserve volume by means of a planimeter. Intervals having 
a weight saturation of less than two per cent were excluded 
from the estimate. 

Recovery factors were selected by the Board to convert 
reserves in place to recoverable reserves of raw oil-sand 
oil and recoverable reserves of upgraded synthetic crude oil. 

The following estimates are listed in terms of reserves 
in place, recoverable reserves of raw oil-sand oil and 
recoverable reserves of upgraded synthetic crude oil, respectively, 
for the deposit or group of deposits designated: Athabasca 
deposit: 626, 369 and 267 billion barrels; Bluesky-Gething 
genosits-, ol, 26 and o21i (bitigon barrels and Grand Rapids 


deposits: 33, 18 and 13 billion barrels. The Athabasca reserves 
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are further classified into overburden, oil saturation and 
drilling definition categories. The Bluesky-Gething and Grand 
Rapids reserves are classified by individual deposit and then 
further classified into overburden and drilling definition 
categories. 

The Board believes that its estimate of the grand total 
of the oil sands reserves is in reasonable agreement with the 
actual total reserves in existence within the areas evaluated 
but it believes that a considerable amount of additional 
evaluation drilling is needed to establish, with confidence, 
the magnitude of the reserves within certain widespread 
portions of these areas. Furthermore, the Board expects that 
future evaluation drilling undertaken beyond the evaluated 


areas will warrant an increase to its present reserve estimate. 


Digitized by the Internet Archive 
in 2022 with funding from 
Legislative Assembly of Alberta - Alberta Legislature Library 


https://archive.org/details/ableg_33398001402089 
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In the first section of this report, the oil sands deposits 
of Alberta are described with reference two their location, 
rae eeneneen Errt the geology, depth of burial and oil content. 
In the second section, the Board classifies the oil sands 
reserves, describes the methods and factors used to estimate 
the reserves, presents its estimates of the reserves of each 
deposit and discusses the reliability of its estimates. 

This report is based mainly on an oil sands study completed 
by the staff of the Board, although a number of oil sands 
publications and several submissions made to the Board at public 
hearings were considered when preparing certain parts of the 
report. The study covered an area extending across the 
Province between Townships 75 and 105 and it involved the 
examination of the logs and core analyses available for over 
1200 evaluation holes and the logs and sample cuttings taken 
at approximately 600 wells. The majority of the evaluation 
hole data used for this study was supplied to the Board during 
the past five or six years pursuant to regulatftons issued under 
The Mines and Minerals Act and all of the data used for the 
study has been released by the Board for public examination in 
accordance with a policy established on November 24, 1952, by 
the Department of Mines and Minerals. The well data were 
supplied to the Board and subsequently released in compliance 


with the Drilling and Production Regulations issued under The 
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Oil and Gas Conservation Act. 

The oil sands referred to in this report are primarily 
distinguished from the other oil-bearing sands of the 
Province by the type of crude oil they contain. In The Oil 
and Gas Conservation Act, the oil sands are defined as those 
having a "highly viscous crude hydrocarbon material not 
recoverable in its natural state through a well by ordinary 
production methods". The oil-sands oil is of a naphthene 
base, black in colour and contains a characteristically high 
percentage of sulphur, nitrogen and trace metals. Relative 
to the conventionally-produced crude oils of the Province, 
it is heavy, having a gravity that varies considerably but 
which, over the Athabasca deposit, averages about 10.5 degrees 
Abele at 60° Fahrenheit. The gravity of the oil in the 
Peace River area is similar to that of the Athabasca area 
but several minor deposits located some 100 miles northeast 
of the town of Peace River appear to have a lighter gravity 
oil and, therefore, they may not qualify under the oil sands 


definition of The Oil and Gas Conservation Act. 


eS 
“” 


~ 


ae ee 
5 to 
ther ; 
ig 
hobe=! 

ami 

fiz r 
stu v2 
Vv mss 

hot 

ivi “at 

7 3 oe 

bat oe 
a 2&5 
eup. 30% 


ne wwoleo a) aget?d saa, 


2.4 ges ceve eee wh a . 

vid AY co? Ber71487eE ath’ ie ake i$. 
fio eAdimgre bse ouigala te 
a jo aqKa ama va aaninewh 
704 Wod Pav aero ad rr 
SH1¥ eiigda” 2 hy beat 

(at heures sldavavenay 


a 
1447 ‘ 
i 
vi y DM 
ry AORE 
rials 
a 
O7a%9 q 
Svin 
yam V2 


abs 00m iestves Fae a 
a ~ g 


oS ae 
ase bo nid” 908 Me ) 
, ie (Pee 


16: sat ae nohy « 



















7 


Ae: 
“shortoam Au 4g 9 Cee 


daiva Io sya tonoaee - 
\ _ 7 ay 
(enol meynom 909 Bar 37 
a 


siiyved, yveut Siege 
D 
d+ sSd23 Yave Wapdw 
7 a a 7 : 7 
s7de3 606 sa .f29 8 ; 
; ae 


Wi 
oi -948 euFA aciee.. 2 


na ste. 
ato tnveds bas | 
a “A ea 


A Description and Reserve Estimate 
of 


Jette eee AN) oo OO UF OA LB E R T A 





TABLE OF CONTENTS 


PAGE 
: DD rs Rete Dt Ng) a) a Ro hcag a 8 og ay abeg me 1 
TN fen tet ht 13 Ts i Po Ge as ad oo aa wh he ds 4 ng'e, oes : 
A TES ye aoe NG by er er re 6 
Sie) ANd ces Sa ee IEG eo a ee 19 
a UE) Sete OOTP TC ae PS acld ss pny side ao aw se nsyd p= ugh ae. a ple he es 24 
t Ws tee ALORS UP SIS Say Sect ONO eee ry ee ea ere ae Sat ee 28 
1 CREO CR EGS Br Web Ca 000 hy Oe <a ea ne Oe ee eee mene ee 28 
2 Bact a eae Mee td Se oe ck ack oo ins aps ok se “eho wae ye, 
3 PAG ti Aste Ane) Cee OS EN OB n os ne waives Rykiel ea te ly ieee eae 48 
4 Risa le vere Cee te 0 TB OG 840 ke ava el! eet ol Be aa 55 


REE ERE N GE sigs ce tig 6 rie secre Crea arid ck sts a wba wk os aes ken sie ieee plavim Wet eue 60 


) 


id 
iviroVRR Bee biqg@iseeeg A 
iJ é ’ | 


— A a © 








britoc#c GMT Fo aon oeoeee 
noksaclti2neat .J a 
(@oiaed 


§ 
ieaizvi *» @deest, et 
é 


> {Va aeae 7a 

du £245 beieeee Lf 
switiel apboan pen os 
ao \oo on tae bieet fb. 


i] a. _ 
“suwhse' adv le watt iaegiee Ye 
ae. a 


hae 





ieee ae N DS OOF UAL LL UB UE UR. UTA 





DESCRIPTION OF THE DEPOSITS 
1s Laentterecation 

The Board has evaluatad the oil sands that occupy the 
shaded areas shown by Figure 1. These areas total approx- 
imately 8,000,000 acres and, therefore, underlie almost 
one=twentieth of the entire "Province. 

Between the shaded areas are extensive areas that 
may contain additional oil sands reserves. Data collected 
to date reveal the widespread existence of oil staining 
and low oil saturation and the local occurrence of medium 
and high saturation within these intervening areas, but 
the data are considered to be too inexact and incomplete 
to permit a detailed reserve evaluation of these areas. 

The oil sands of Alberta occur within three distinct 
stratigraphic units of Lower Cretaceous age. Each unites 
shown by Figure 2, a section that extends from a few miles 
west of the town of Peace River to several miles southeast 
of the town of McMurray, a distance of about 280 miles. 
The section intérsctts the three largest oilsands deposits 
oiy the Province. in Che meastern part of the section, the 
Athabasca deposit is seen to occupy a major part of the 
Wabiskaw - McMurray stratigraphic unit. In the western 


part of “Che seetion, the Peace River deposit is aoted to 


cosa 3eP 50 moptasepesd 
ih oaeo | £4 Se ! 


avo eer beset onT 


' a ig eft ais 

, 4 \d uWeote eoorse betas 
ses bag » er $9 DA YY bedere 
a 4 > #79 Yu Ae 11OWT ehe 

S~ wat sbrue 0S ooo yea: 
ebrras c/a! bibka wletneanp yaw 
a i ¢ 1&5 t ' ‘eaves @3788 OF 
‘ ) i 4 asi 12 is vob bes 
yt) , pobtaveven Ogi Dae 
Yo{ ioa wys Bah EAs 
6a j - ri tt ‘sf & Jimeq G2 

iyi “is J } i ie ity adT 
i tray ¢ ' . 4° a5 lov Ghilgaetyisas te 
ehiig e997 6 mMOrl BUNGHS. BERD NGLIQOK Bis { sggt4 “o aware 
=4¢antuui eadiin / aves n4o poi? Oob edi ld Wei Sala: ie Say 


., egbem OAS 


SpAdaged qhree, (is aonmr es opti? ~os Wdotade 


$hi/1 98 


vonage th » , (Oe 0K tm nen: a ig 


-— 


_ 


is 


a 


5 LP ass | 
gt wae 


7, 


_ 








RIW4M 


RIWoM 


TBO 









POSITION OF SECTION 
DEPICTED BY FIGURE 2 
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AREAS OF EVALUATED 
OIL SANDS RESERVES 
IN ALBERTA 
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occur within the stratigraphicaily equivalent Bluesky- 
Gething unit. The Wabasca deposit overlies the western 
edge of the Athabasca deposit and occupies two sandstone 
members of the higher Grand Rapids formation. Other 
Minomenepaetta = Locatecdenamin ot (ithe section, occur in 
the Bluesky-Gething and Grand Rapids units. 

The evaluated oil sands deposits are separately 
designated by name and formation in Figure 3. This map 
corresponds to Figure 1 in that it shows only those oil 
sands areas that have been evaluated by the Board. No 
reterence 115 madewon this mapito the leaner, more 
localized or undelineated oil sands that may exist beyond 
the evaluated areas. 

The enormous Athabasca deposit of the Wabiskaw- 
McMurray unit) is shown in the eastern part of Figure 3. 
The evaluated portion of this deposit occupies an area in 
excess of) Live and three-quarter million acres and it contains 
about 88 per cent of the total evaluated oil sands reserves 
of. the Province. 

The second most important group of deposits, from the 
standpoint of reserves, is outlined in the western part of 
Figure 3. They have been collectively named the Bluesky- 
Gething deposits after the stratigraphic unit in which they 
occur. TheyVconstituter the eace River deposit .and the 


smaller Buffalo Head Hills and Loon River deposits. The 
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evaluated portion of the Peace River deposit occupies an 
area in excess of one million acres and the latter two 
deposits occupy at least 150,000 acres. The Bluesky- 
Gething deposits contain about seven per cent of the 
total evaluated oil sands reserves of the Province. 

Dhe> remaining wenposits, docated in the central part 
of Figures3, (are collectitvety referred to as’ the Grand 
Rapids deposits, being so named after the formation in 
which they occur. They constitute the large Wabasca 
deposit together with the less significant Pelican and 
Bad Rapids deposits. The evaluated portion of these 
deposits occupy a total area of about one million acres 
and contain approximately five per cent of the presently 


known oil sands reserves. 


ae: Geology 
(a) Athabasca Deposit 


The Athabasca deposit occurs within the McMurray 
formation and the over!ying Wabiskaw sandstone member 
of the Clearwater formation. Locally, it extends 
into a higher sand of the Clearwater formation. These 
two widespread Lower Cretaceous units underlie the 
shales of the Clearwater formation and overlie the 
eroded sediments of Paleozoic age. 

Figure 4 is a southwest to northeast cross-section 


through the Athabasca deposit. It illustrates both the 
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relationship between the Wabiskaw and McMurray units 
and the relationship between these units and the 

other formations of the area. The section represents 

a distance of some 90 miles and the vertical scale 

has been exaggerated considerably so that stratigraphic 
details may be shown. 

The Wabiskaw member, at its type locality in 
Township) yo, Range 2, West of the Fifth Meridian, is 
90 feet thick. However, its maximum thickness in 
the Athabasca deposit is shown by Figure 4 to be 
Outy about 30 teet. “In parts of the deposit it is 
missing or difficult to distinguish from the McMurray 
formation. The Wabiskaw member consists of relatively 
continuous glauconitic and cherty quartz sandstones 
that were deposited under shallow marine conditions. 
The sandstones may contain a calcareous and clay 
macc ix. 

The McMurray formation is shown by Figure 4 to 
thicken in a north-easterly direction from its pinch- 
CULtecuge to A Maximum ofsiover 200° reet, “North? off the 
section, it locally thickens to about 275 and 300 
reet. 

The McMurray formation has been subdivided by 


1 
M. A. Carrigy of the Research Council of Biber te ) 


into a relatively thin upper member, a thick and 
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widespread middle member and a sporadically developed 
lower member. The former two members consist mainly 
of medium to very fine pure quartz sands with lenticular 
interbeds of silts and shales. The upper member is 
generally horizontally bedded and contains limited 
brackish water fauna whereas the middle member 
commonly exhibits current and cross bedding and 
contains coal and plant remains. The lower member 
occupies the deeper depressions of the Paleozoic 
surface and contains lenticular beds of coarse 

grained and well rounded sand, silt and shale together 
with feldspar fragments and residua)]. clay derived 

from the Paleozoic limestones. 

No attempt has been made by the Board to determine 
whether the upper, middle and lower members, as defined 
byweGeantriey in the vicinity of the Athabasca River, can 
be identified throughout the Athabasca deposit. 


However, some evidence in this regard was contained 


ifea@ recent eubiidcLousel dade by the Shell Oil Company 
GivyGanadda Limitedyto theytoard.,.0On, the. basis of 

Sanit aritguec in, thescharagteristics.of the cores) ard 
lOégsetakengat holes driljed in. Township 95,,. Ranges 


15 and 16, West of the Fourth Meridian, the Company 
divided the McMurray formation into the upper, middle 


and lower units, having average thicknesses of 20, 
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95 and 55 feet, respectively. 

Studies have been completed by the Board to 
determine the nature and cause of the Wabiskaw- 
McMurray thickness variations exemplified by Figure 
4. These variations and the actual thickness of the 
combined Wabiskaw-McMurray unit throughout the 
Athabasca deposit are shown in detail by the isopach 
map, Figure 5. The? extreme variations in the shaded 
area of this map were found to have been caused 
mainly by the erosion of the McMurray formation 
during recent geological time. However, for the 
much larger and unshaded area, the thickness 
variations were generally found to be related to 
the relief of the underlying Paleozoic surface. To 
establish this relationship, Figure 6, a contour 
map showing the configuration of the Paleozoic 
surface, was prepared. By comparing Figures 5 and 
6, it is concluded that the areas where the Wabiskaw- 
McMurray unit is abnormally thick correspond to the 
areas of low relief on the Paleozoic surface. Such 
areas are noticeable in Township 101, Range 12; 
Township 96, Range 13; Township 92, Range 18; 
Township 88, Ranges 15 and 16; Township 86, Range 8, 
and Township 8l, Ranges 12 and 13. Conversely, a 


comparison between Figures 5 and 6 reveals that areas 
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having abnormally thin sections of the Wabiskaw- 
McMurray unit correspond with areas of high Paleozoic 
relief. Examples of such areas are found in Township 
92, Renee bo; Township 90, Range 13; Township 89, 
Range 18; Township 86, Range 14, and Township 78, 
Range 10. 

(b) Bluesky-Gething Deposits 

West of the fifth meridian, oil saturation 
occurs within the Bluesky formation and the underlying 
Gething formation. The Bluesky and Gething formations, 
both of Lower Cretaceous age, are present throughout 
a considerable part of northwestern Alberta. 

Figure 7 is a southwest to northeast cross 
section through the Peace River deposit. It indicates 
that, within the evaluated area of this deposit, the 
combined Bluesky-Gething unit thickens in a south- 
westerly direction from its pinch-out edge to a maximum 
thickness of approximately 300 feet. It also shows 
that the unit is overlain by shales of the Wilrich 
formation and that it lies unconformably on Jurassic 
and Mississippian formations. 

Figure 8 is another cross section drawn through 
the Buffalo Head Hills and Loon River deposits. Et 
indiefa@tes that the oil saturation inv this ‘area 


occupies 4. thin section.of.the Bluesky*Gething unit. 
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The latter is between 60 and 120 feet thick and lies 
on either Mississippian or Devonian formations. 

In the area of the oil reserves, the Bluesky- 
Gething unit is composed mainly of sandstones and 
siltstones, shales and coal. The sand grains are 
mainly subangular and range in size from very fine 
(less than 100 microns) to very coarse (one millimeter 
or 1000 microns). Medium-sized grains of between 
250 and 500 microns generally predominate. The 
sandstones may be glauconitic and fossiliferous and 
they may have a calcareous or clay matrix; in the 
lower part of the formation they contain minor amounts 
of pyrite, ironstone or carbonaceous material. In 
a few instances, large rounded chert grains of up to 
three millimeters in diameter were noted in the upper 
portion of the formation. The detrital zone, locally 
present at the base of the Gething formation, contains 
minor quantities of chert, dolomite and pyrite in the 
sand. 

(c) Grand Rapids Deposits 

The Grand Rapids formation, of Lower Cretaceous 
age, extends over a considerable portion of northern 
Alberta and has a maximum thickness of about 400 feet. 
It occurs between the overlying Joli Fou formation 


and the underlying Clearwater formation. 






i? 
2% in dy 
=i!) On dzins Teot Gt bw ae neowiod oF Swzhad » 


envrLicmto) casyovesd gh debeqyéeeneslM selsie pe 


+ 


. 
icoolf oro ,2enrausy dao edd fe @ete ats at 

wo bebweae Yo violet beanqehs @b Pia galeesg 
63% bosn aft fao> hee bolada ,€ena Odi ie 
) yviav meq Suis Ll C200 Fae Fhtugostuse yiniam 
i env) vexvads yyew @fF Cenotete OOF wands ga4t) 

Pad 3 un ts beri@eviteoh .€de07skn O80] 1: 
r j cgimeorotq gi fRaeneg enorain OOF hoe eS 

wr ; st tris ifjirons els ss wee aasuzyAnne 
a9 5 ). 1 Beatty? 6a 8 OVO vem vorni 

Nv i \bAInNG>D vor ds Trebtenein) wd In 398C 140 
iielJiim aves mogsayo a eed worry s ‘ a ee a 
nlite iteorto bukit an4e8) 423008384! WH) « 
79qQqqu 4 ni ita rt row YussHetD nh eet taaliliim swans 
a Se Tit a. rebh pnt #0) (eneG@7 ana 30 Wo, 4900 

. .* 
riat3ner .,4 Pmt: nis re? GH “39 SWE 849 38 IASB I¢g 
edi ni 391999 Bere ad twmolias , a3 AO te sisi save ranim 
- cn ‘ 
Bpieogey ehiaser Snsio (4) 
Pioe vedsy79 vexed bo , hv] semeo) ebigea? Snex) aT : 
| MPCRII0OR Yo netging site tev co ehheges , a8 : 








0h wir SdhA 
ro ee 


The components and lithology of the Grand Rapids 
formation are shown by Figure 9, a cross section 
through the Wabasca deposit. This section indicates 
that two relatively persistent oil-bearing sandstone 
members occur at the top and middle of the formation. 
Another more erratic sandstone development exists at 
the base of the formation. 

The upper sandstone member is about 50 feet or 
less in thickness. It is oil-bearing throughout the 
evaluated areal extent of the Wabasca and Bad Rapids 
deposits and consists mainly of chert pebbles and 
quartz grains with a minor amount of clay, chlorite 
and mica. In the oil bearing area, the chert pebbles 
generally are medium to dark grey in colour, sub- 
rounded to well rounded and range from 1000 to 3000 
microns in diameter. The quartz grains are generally 
sub angular and range in size from very fine sand 
(less than 1OO microns) to medium-coarse sand (500 
microns) with an intermediate (250 microns) size and, 
less commonly, the medium-coarse size predominating. 

The middle sandstone member attains a maximum 
thickness of Wr least 75 feet. | This samdstone—is 
oil-bearing throughout the Wabasca and Pelican 
deposits where it consists mainly of quartz sand 
grains similar to those contained by the upper sand- 


stone member. 
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The lower, less persistent, sandstone member 
occurs near the base of the Grand Rapids formation 


and is oil-bearing at one well in the Bad Rapids 


deposit and appears to be partially oil stained within 


the areal limits of the Wabasca deposit. Where it is 
oil-bearing, it is similar in lithology to the upper 
sand but may contain a lesser concentraticn of medium 
grey chert pebbles, more carbonaceous matter and 


perhaps some glauconite at the base. 


ae Depth of Burial 


Except for the localized outcrop areas associated with 


the Athabasca River and its tributaries, the evaluated oil 
sands areas of Alberta are covered by overburden. 

The overburden generally consists of a thin layer of 
soil mantle and glacial drift together with the formations 


which occur between the drift and the oil sands. These 


formations, consisting mainly of soft sandstones, siltstones 


and shales, are shown and named in Figure 2. Li is evident 


from Figure 2 that variations in the thickness of the over- 


burden are caused by both variations in the structure or 
dip of the underlying oil sands and variations in the 
surface topography. 

The thickness and configuration of the overburden 
covering the evaluated oil sands areas is described below 


for each of the three main groups of deposits. 
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(a) Athabasca Deposit 


Figure 10 is an isopach map showing the thickness 
of the overburden covering the evaluated area of the 
Athabasca deposit. The isopach values represent the 
interval from surface to the highest occurrence of 
the oil sand having a saturation greater than 10 per 
cent by weight and, therefore, some leaner oil sands 
occur in the basal section of the overburden represented 
by the isopachs. 

For the purpose of this map, the top of the 10 
per cent oil sand was chosen as the base of the 
overburden because it generally appeared to represent 
the beginning of a relatively continuous interval of 
saturation, whereas the uppermost occurrence of the 
leaner sand more frequently appeared to be isolated 
from the main oil sands cevelopment. If the base 
of the overburden had been defined by the uppermost 
sands having a weight saturation of only five per 
cent, the overburden isopachs would be decreased by 
an average of less than 20 feet, although a few rare 
and isolated cases exist where they would be drecreased 
by LUO feet or more: 

The overburden shown by Figure 10 is seen to be 
Leese vnan 200 Teer an thickness ini the vicinity of 


Pnace patty ol (tne Athabasca River which is north of 
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Township 90. From that area, the overburden abruptly 
thickens eastward to 600 feet, northward to 1,900 feet 
and westward to a maximum of 1,600 feet. Towards the 
south and particularly the southwest, the rate of 
overburden thickening is more gradual but maximum 
thicknesses of 1,500 and 700 feet, respectively, are 
attained in those directions. 
(b) Bluesky-Gething Deposits 

The isopachs and average values shown by Figure 
lil are on a different basis than those of Figure 10 
andy represent theroverburden that overlies. the 
uppermost significant saturation of the Bluesky- 
Gething deposits. This basis was chosen because of 
the lack of detailed information on oil saturation 
in the Bluesky-Gething deposits. 

The overburden covering the evaluated portion 
of the Peace River deposit is shown by the isopachs 
to increase in a westward direction from 1,500 to 
2,800 CF and an a southward direction from71,500 
Cor2,6007iheet. (The larger Buffalo Head’ Hillis deposit 
is seen to be buried by between 1,100 and 2,100 feet 
of overburden and the smaller Buffalo Head Hills and 
Loon River deposits are noted to be covered by 
overburden that averages between /00 and 1600 feet in 


thickness. 
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(c) Grand Rapids Deposits 


The thickness of the overburden covering the 
uppermost significant saturation of the Grand Rapids 
deposits va shown by Figure 12. This figure indicatés 
that the overburden covering the large Wabasca deposit 
thickens in a southward direction from 300 to 1,100 
feet. For the remaining smaller deposits, the over- 
burden is expressed as a range between minimum and 
maximum values or, if the range is limited, as an 
average value. In this way, the figure indicates that 
the Bad Rapids deposits have from 500 to 1,100 feet 
of overburden and that the Pelican deposits have 
between 1,000 and 1,400 feet of overburden with an 
approximate minimum of 600 feet in the valley of the 
Athabasca River. 
4. Oil Content 

The oil content 6f an oil sands deposit varies laterally 
due to variations in both the gross thickness of the deposit 
and the degree to which the oil sands are saturated. Each 
factor is discussed below. 

(aje Variations sinsthe Cross Thickness of a Deposit 

Variations in the thickness of a deposit are 
caused by irregularities in the relief of the under- 
lying Paleozoic surface. In a previous section of 


this report, Figure 2 indicated that the western part 
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of the Athabasca deposit and the eastern portion of 
the Peace River deposit thinned and finally pinched 
Out (OWing to the ascending relief of the Paleozoic 
surface. DeesGoition. Figure 4 indicated that a 
Paleozoic hill, about 40 miles in length, caused a 
regional reduction in the thickness of the Athabasca 
deposit. Less obvious are the local and abrupt 
thickness variations caused by the much smaller 
Paleozoic remnants within the areal limits of the 
Athabasca deposit. One such feature in Township 
95, Range 11, was noted to cause a one-half 
reduction in the thickness of the deposit in a 
distance of less than one mile. 

Variations in the thickness of a deposit are 
also caused by the lateral transition of the lower 
or upper oil sands to water-bearing sands or tight 
sandstone, siltstone or shale. Figure 2 indicates 
that the eastern portion of the Athabasca deposit 
and the western portion of the Peace River deposit 
thin and finally terminate owing to the transition 
from oil-bearing to water~-bearing sands, Figure 4 
illustrates that thinning occurs within the areal 
limits of the Athabasca deposit due to the lateral 
transition from oil-bearing sands to water-bearing 


Sands or ,tight sandstone , siltstone. or shale. 
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Chilwiverilations in Oil Saturations 

Core analyses representing both the Athabasca and 
Peace River deposits indicate that the oil saturations 
are variable in magnitude, resulting in a heterogeneous 
distribution of the oil in the deposits. The satur- 
ations for successive one-foot intervals are commonly 
observed to vary from the maximum oil saturations 
of over 15 per cent by weight to the minimum 
saturations of less than one per cent. These 
variations are, for the main part, attributed to the 
sudden occurrence of shale partings in the intervals 
for which the lower oil saturations were measured. 
In adpiist ong #6 Ay Carrigy (3) has established that 
variations in the saturation of oil sand samples are 
related to both the percentage of clay-size material 
in the sample and the median diameter of the sample. 

As a result of saturation variations in the oil 
sands, the total oil content of the deposit has been 
observed to decrease by as much as two thirds or more 
over horizontal distances of only one-half a mile in 
spitevyof thesfactethaty the thickness of the gross 
interval remained relatively uniform. 

On the other hand, other oil sands areas exhibit 
relatively uniform oil saturations. For example, 
oil saturations have been observed to remain relatively 
constant over distances of about 10 miles in certain 


parts of the Athabasca deposit. 
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II. RESERVES 

The Board has estimated the reserves of those oil sands 
that, in its opinion, warrant an evaluation on the basis of 
the magnitude of the reserves and the adequacy of the data. 
The areas for which the reserves have been estimated are 
outlined by Figure 3, a map referred to in the initial part 
OF Cie report. 

In this section, the Board describes its reserve 
classification system, outlines its evaluation methods, 
presents a tabulation of the reserves for the various deposits 
and discusses the reliability of the estimates. 

hes Classification 

The Board has classified the oil sands reserves of 
each major deposit and each group of related minor deposits 
in the manner shown by Figure 13. This classification 
scheme is based upon three factors: the depth to which 
the reserves are buried, the extent to which the host sand 
is saturated and the degree to which the reserves have 
been defined by drilling. Each factor and the categories 
related to it are explained below. 

(a) Depth of Burial 

The reserves of each deposit have been grouped in 
terms of the following overburden categories, the 

limits of which were arbitrarily selected: 0 to 50 


feet 50 LoulU0 1c) t, 2100 to 250° feet, 250 re) s00 ef eet 
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500 to 1000 feet, 1000 to 1500 feet, 1500 to 2000 feet 
and 2000 to 2500 feet. 

The oil sands areas represented by these over- 
burden categories may be determined for each deposit 
by referring to the overburden maps designated as 
Posgurese 1.0," 21 andy L2 ir thes corepoing part of this 
report. Although Figure 10 represents the interval 
of overburden from surface to the highest 10 weight 
per cent oil sand of the Athabasca deposit, all 
higher and leaner oil sands were considered for the 
reserve estimatea. Furthermore, as previously 
mentioned, if the base of the overburden had been 
selected at, for example, the uppermost occurrence 
of the five weight per cent oil sand, the overburden 


values would be decreaséd by an average of less than 


Z20°teet. Such a reductton would slightly increase 
the 0 to 50 = foot overburden area and decrease the 
1500 to 2000 - foot area. The remaining areas would 


remain about the same in size but their position on 
the map would be slightly shifted in the direction of 
overburden thickening. Figures 11 and 12 represent 
the thickness of overburden occurring between surface 
and the highest significant oil saturation of the 
Bluesky-Gething and Grand Rapids deposits. As such, 


they represent the true interval overlying the section 
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for which the reserves were estimated. 
(b) Oil Saturation 

A classification based on the degree of saturation 
has been applied only to the reserves of the Athabasca 
deposit. It has not been applied to the reserves 
associated with the Bluesky-Gething or Grand Rapids 
deposits because the data available to the Board at 
the time of the study were considred to be too 
inadequate to warrant such a classification of these 
deposits. 

The following three categories have been used to 
classify each overburden category of the Athabasca 
reserves: (1) rich sand category, associated with 
those sands having an oil saturation greater than 10 
weight per cent (19.2 volume per cent); (2) inter- 
mediate sand category, associated with the sands 
having an oil saturation of between five and 10 weight 
per cent "(9-9 and 19° 2" volime per cent), and ?"(3)* ean 
sand category, representing the sands having a 
saturation of between two and five weight per cent 
(4 and 9.9 volume per cent). The limits of these 
three categories were selected in an arbitrary manner. 

The oil sands representin the three saturation 
cateyories are intermixed throughout the Athabasca 


deposit and each category is commonly represented at 
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any drilled location. However, as shown by Figure 
14, the percentage of the oil pay excluded by a given 
CUCwWOLS Can VeLy Gtr OLiterenl Localities. Curve A 
represents a cored section taken at a locality where 
the rich sands are absent. Some 32 and 66 per cent 
of the oil pay at this locality are contained by the 
lean and intermediate saids, respectively. Curve C 
represents a single locality at which all of the 
analysed pay is contained by the rich sands only. 
The cases represented by curves A and C are rare and 
they were chosen to show extreme limits between oil 
sands localities having only low saturations and those 
having only high saturations. Curve B represents the 
total oil pay derived by the Board from 480 core 
analyses of the Athabasca deposit. This pay is 
distributed among the saturation categories as follows: 
richesand: 68-7 per cent; intermediate sand: 23.7 
per cent, and lean sand: 6.5 per cent. Inada. thorn, 
some 1.2 per cent of the total oil pay has been 
excluded by the two per c2nt weight saturation cut-off 
used jin this, study. 

Since the reserve estimates of the Bluesky- 
Gething and Grand Rapids deposits were based on a 
visual estimate of saturation, no definite minimum 


saturation cut-off can be cited as a basis for the 
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estimates. However, when the pay thicknesses were 
determined, attempts were made to exclude material 
that appeared to be below the lean sand category. 
Cope De find thon» lof Drilling 

The reserves of each deposit have been further 
subdivided into the drilled and undrilled categories. 

The drilled reserves are defined as those 
reserves situated within one mile of the evaluation 
hole or well on which they are based. For holes or 
wells separated by more than two miles, the area 
of the drilled reserves assigned to each drilled 
Location swassthat jof .a cirele having a radius of one 
mile. In cases where the holes or welis are 
separated by less than two miles or where unproductive 
acreage obviously occurred within a mile of the hole 
orp well, the ,areas of the drilled reserves were 
adjusted accordingly. 

The, undrilled,reserves constitute those reserves 
located beyond one mile from drilled locations. They 
are equal to the difference between the total 
reserves, as evaluated by isopachs, and the drilled 
reserves 

The distance of, one mile was selected on an 
arbitrary basis, to distinguish between the, drilled 


and updyiJjied catesornvesc.. Gencralily «the total oil 
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content at a hole or well can be expected to remain 

relatively constant over a mile or even greater 

distances although a few examples have been noted 

where the total oil content undergoes a_ considerable 

change over distances of less than one mile. 
rt Estimation Methods 

Certain methods have been developed by the Board to 
estimate the reserves of the oil sands. These methods 
take into account the following factors peculiar to the 
oil sands or their evaluation data: (l) the spacing of 
the holes or wells at which the data was taken is 
haphazard and generally wide, (2) the core analyses 
usually express oil saturation in terms of a weight 
percentage rather than a volume percentage, (3) for 
certain widespread areas, the only records available to 
the Board to determine oil saturation consisted of 
sample cuttings and logs, (4) many electric logs were 
suitable only for qualitative, rather than quantitative, 
determinations and (5) the recovery of the oil-sand oil 
is dependent upon either mining or artificial stimulation 
techniques and not upon the natural drive applicable to 
conventional fields. 

The following discussion concerning estimation 
methods is divided into two parts. Under thre *hirs't 


heading is a summary of the approach taken to calculate 
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the reserves. Under the second heading is a description 
of the reserve factors and an explanation of the manner 
in which they were derived. 

(a) General Approach 

In the case of the sich and the intermediate 
sands of the Athabasca deposit, the "oil feet" * 
were separately derived from core analyses and 
logs, plotted on separate maps and the values were 
connected by isopachs to provide maps representing 
the volume of the rich and intermediate oil sands 
reserves in place. The overburden map was super- 
imposed on each oil pay isopach map and the reserve 
volumes were determined by planimeter for each 
overburden category. Drilled reserves were 
calculated by multiplying the area situated within 
one mile of each drilled location by the appropriate 
pay values. 

To estimate the reserves contained by the lean 
sands of the Athabasca deposit, some 480 core 
analyses weré first processed to determine the ratio 
of core analysis oil pay contained by the lean oil 
sands category to the core analysis oil pay contained 
by the intermediate category. The reserves contained 
by the lean sands under a particular overburden 
category were then calculated by multiplying this 


<'OLd feet Sieeasrined as the oroduct of oi] sand 
thickness and volume fraction oil saturation. 
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ratio by the total reserves of the intermediate sands 
belonging to the same overburden category. Owing to 
the adoption of this short-cut method, no need arose 
to either calculate individual pay thicknesses or 
saturations or to prepare a reserve map for the lean 
oil sands. 

The approach taken to estimate the reserves of 
the Bluesky-Gething and Grand Rapids deposits was 
similar to that taken for the rich and intermediate 
sands of the Athabasca deposit except that no attempt 
was made to classify the reserves on the basis of the 
saturation of the sand. Such a classification was 
avoided due to the inadequate quality of the data 
available for estimating the saturation of these 
deposits. 

The final stage of the reserve calculations 
involved the conversion of reserves in place to 
recoverable reserves. For this purpose, the Board, 
having regard to evidence submitted to it at public 
oil sands hearings, selected a set of recovery factors 
which are explained in the following section of this 
report. 

(b) Details of the Methods 

The factors, procedures and calculations used 

to estimate the oil sands reserves are discussed in 


detail below. 
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(i) Weight to Volume Conversion Factor 


The weight to volume conversion factor is 
the factor used to convert oil saturation from 
a weight percentage to a volume percentage of the 
oil sand. The factor has been applied to those 
core analyses that are expressed in terms of oil 
saturation by weight in order to derive the 
volume saturation factor necessary to estimate 
the reserves. 

Cores representing some 10,000 feet of oil 
sand recovered fron 200 evaluation holes drilled 
into the Athabasca deposit have been analysed in 
terms of both volume and weight percentage oil 
saturation. On the basis of these core analyses, 
the Board has calculated average conversion 
factors of 1.92 for the rich sands and 1.98 
for the intermediate sands. 

(ii) Oil Sands Saturation and Thickness 

The oil sand saturation and thickness 
values were estimated on the basis of logs in 
combination with either core analyses or sample 
cuttings. The use of sample cuttings was confined 
to those deposits having limited or no core 
analysis coverage. Each of the two procedures is 


separately described below: 
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Core Analysis - Log Procedure 
The core analysis-log procedure was applied 
to the Athabasca deposit for which some 
1000 core analyses* and a similar number 
of logs associated with 1250 non confidential 
holes were examined. 

For the intervals covered by core 
analyses, the oil pay was calculated directly 
from the oil sand saturation and thickness 
values recorded by the core analyses. 

For the intervals that were not covered 
by core analyses, the oil sand thicknesses 
were calculated from logs and field average 
saturation factors were applied to these 
thicknesses. 

EAguUresS. oareucl). Lilustrates -the 
method used to calculate oil sand thick- 
nesses from logs. The log resistivity 
cut-offs representing five and 10 per cent 
weight saturations were determined by 
calibrating logs against core analyses at 


the nearest cored holes. In some instances, 


* Of this total, 450 represent localized 
lease blocks and have negligible impact 
on the total reserve estimate. 
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FIGURE 15 


DETERMINATION OF THE SATURATION AND THICKNESS 
OF 
OiL SAND 


(1) USING LOGS CALIBRATED AGAINST CORE ANALYSES 
(APPLICABLE TO THE UNCORED INTERVALS OF THE ATHABASCA DEPOSIT) 


_RESISTIVITY LOG 
x 





5% WT SATURATION 
10% WT SATURATION 
Gees ~ INTERMEDIATE SAND 


RICH SAND, STATISTICAL AVERAGE 
SATURATION OF 13.5 WEIGHT 
PER CENT USED 


INTERMEDIATE SAND 


INTERMEDIATE SAND, STATISTICAL AVERAGE 
SATURATION OF 75 WEIGHT 
PER CENT USED 


POSITIONS OF SATURATION CUY-OFF LINES 
GENERALLY ESTABLISHED AY NEAREST CORED 
INTERVAL, MAY REQUIRE SFIFTING. 


(1) USING SAMPLE CUTTINGS AND LOGS 
(APPLICABLE TO THE GENERALLY UNCORED BLUESKY-GETHING AND GRAND RAPIDS DEPOSITS) 





SAMPLE CUTTINGS LOG 
SATURATION IDENTIFIED AND ESTIMATED THICKNESS OF SATURATED 
FROM APPEARANCE OF SAMPLE CUTTINGS SAND MEASURED FROM LOG 
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OIL AND GAS CONSERVATION BOARD 
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the calibrations obviously did not apply to 
the log of the uncored hole and an arbitrary 
shift had to be applied. After drawing the 
POStetevicy cuc=o1t Lines, the otk sand 
thicknesses belonging to the rich and 
intermediate categories were separately 
totalled for eaeh log and average saturation 
facuors or elas Band woo Der cent by weight 
were applied to each total. These products, 
when multiplied by the appropriate conversion 
factors, provided the total oil feet belonging 
to each saturation category in the well. 

To derive the average saturation factors, 
the staff of the Board processed some 500 
core analyses representing 84,000 feet of oil 
Sana in’ the Athabasca deposit. On this” basis, 
footage weighted average saturation factors 
Of 13°65 and 7ro5 Welgnt per cent were 
calculated for the rich and intermediate 
categories, respectively. It was then recog-= 
nized that owing to the unequal areal 
distribution of the cored holes, a volume 
weighting factor should be applied. Footage 
weighted average saturation factors were then 
calculated for each township and the township 


values were arithmetically averaged. in; “this 
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way, volume weighted average saturation factors 
of 13.36 and 7.38 per cent were calculated. 
However, a complete volume weighting by town- 
ships was not considered realistic because 
some townships were each represented by 
several thousand feet of core, whereas others, 
particularly those near the fringe of the 
deposit, were represented by only a tew feet 
of core. Therefore, upon concluding that the 
most appropriate field average factors would 
be between the two calculated sets of values, 
the Board selected average saturation values 
Ofei3-5 and) 7-5 weight per cent as a basis for 
its reserve estimates. 
Sample Cuttings ~- Log Procedure 

This procedure is illustrated by Figure 
15, part (ii). It was applied to the Bluesky- 
Gething and Grand Rapids deposits because 
impregnated sample cuttings were available 
and non confidential core analyses were not 
available for the major part of these deposits. 

According to this procedure, an interval 
of sand could contribute to the reserve 
estimate if, firstly, the sample cuttings 


appeared to have an oil content in excess of 
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about two per cent weight saturation and, 
secondly, the logs appeared to represent 
oil-bearing sand. 

The oil saturation values were 
estimated from the appearance ot the sample 
cuttings as seen through a binocular 
microscope. To improve the accuracy of 
Cstimating oll saturattons in this way, 
comparisons were made between the saturation 
measurements and the appearance of certain 
analysed oil sands cores. In this way, a 
relatively reliable method was developed for 
estimating oil saturation values from the 
appearance of the sample cuttings. 

In recognizing the hazard of estimating 
oil saturations in this way, the Board 
ee cee to be conservative in estimating 
the saturation values. The maximum oil 
saturations were restricted to a weight 
saturation value of 10 per cent for the 
Peace River deposit and only five per cent 
for the Buffalo Head Hills and Loon River 
deposits, the lower value reflecting the 
lighter staining observed for the latter 


deposits. However, for the Grand Rapids 
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deposits, a slightly less conservative 

ceiling of 12 per cent was applied to those 
sands that appeared to be completely saturated. 
A maximum weight saturation of 17 or 18 per 
cent as theoretically possibile for the oi! 
sands of both formations. 

Saturation values were not derived from 
the quantitative interpretation of the logs. 
This technique was avoided for two reasons. 
Firstly, the conglomerate and fresh water 
content of the Gething formation cause 
resistivity log characteristics that 
correspond to the log characteristics of the 
oil sand. Secondly, both formations lack a 
sufficient number of core analyses to enable 
@ reldabler calibration of!ithestogs ,for 
saturation calculations. 

When oil saturation was identified, logs, 
rather than sample cuttings, were used to 
derive the thickness of the sands to which 
the oil saturation factor could be applied. 
Sample cuttings were not used to determine 
the thicknésssof théeaci lt isand isince finey Care 
subject to contamination and inaccuraciés in 


the measurement and recording of depth. 
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(iat yo Orble hook Calculation 

To determine the oil-feet for each satur- 
ation category at an evaluation hole, three 
stages of calculations were completed. Firstly, 
the thickness of each uniformally saturated 
interval of oil sand that qualified for the 
saturation category was multiplied by its 
measured or estimated weight saturation. Then, 
the products of thickness and saturation, 
calculated for each interval, were added 
together to obtain a total value for the hole. 
Finally, the total value was multiplied by the 
appropriate weight to volume conversion factor 
to determine the thickness of the oil-feet 
existing at the hole being considered. 
(iv) Recovery Factors 

For the purpose of this report, the Board 
has employed the following recovery factors to 
convert the estimates of reserves in place to 
recoverable reserves: 


ESTIMATED RECOVERY FACTORS 
(expressed as a percentage of 


the oil-sand oil in place(1) 


Range of Recovery of Raw Oil- Reco venyi.of Up- 
Overburden Sand Oil (generally graded Synthetic 
Thickness between 9 and 13° API Cruden Oidy (30 to 
- Feet - a6 "60" ef) 37° APL at) 60° Ff) 
eprerteten.te > +r 6raCent = 
0 = 100 85 60 
L006 = 750 70 50 
250 and greater a5 40 


(1) based on the Oil and Gas Conservation Board cut-off 
of two per cent oil saturation by weight. 
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An explanation of these tactors and their 
derivation is provided below: 

Recovery of Raw QOil-Sand Oil 

The recovery factors listed in the centre 
column indicate the percentage of the rich, inter- 
mediate and lean oil sands reserves in the ground 
that the Board considers, for the purpose of this 
report, to be recoverable at the surface in the 
form of raw and unaltered oil. 

In selecting the raw oil recovery factor 
applicable to the 0 to 100 - foot overburden cate- 
gory, the Board considered the separate evidence 
submitted by Great Canadian Oils Sands Limited 
and the Cities Service Athabasca group to the 
Board at public hearings held during 1960 and 
196255? Both applications pertained to mining 
and plant processing schemes and they applied to 
reserves of the Athabasca deposit that, for the 
most part, occur beneath O to 100 feet of over~ 
burden. 

In chosing the raw oil recovery factor for 
the oil sands that are buried by more than 250 
feet of overburden, the Board considered evidence 
submitted during 1963 by the Shell Oil Company 
of Canada Ltd. with reference to its application 
to the Board to recover oil-sands oil by injecting 


steam and/or hot aqueous solutions into the oil 
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sands. The oil sands involved in this application 
belong to the Athabasca deposit and are covered by 
between 500 and 1400 feet of overburden. According 
to the evidence presented, the company anticipates 
a recovery efficiency of at least 50 per cent and 
Ppossibiveaseniagh) acse/O per centiot. tite, oi), ine place 
in the clean McMurray Pe ek These expected 
recovery efficiencies are, according to the applicant, 
based on laboratory research, theoretical work and 
field experiments. The values quoted by the company 
are with reference to the oil sands having a weight 
saturation greater than about six per cent whereas 
the corresponding Board's figure is with reference 
to the oil sands having a weight saturation greater 
than two per cent. 

The recovery factor of 70 per cent shown in 
the table for the 100 to 250 - foot overburden 
category represents an arithmetical mean between 
the factors employed for the thinner and thicker 
overburden categories and is based on the assumption 
that these reserves will be recovered in part by 
mining: :andidn part by dn situ processes, 

Re covety (of) Uppraded Synthetic Ghude, Old 

The recovery factors listed in the right 
column of the table represent the approximate per- 
centages of the rich, intermediate and lean oil 


sands reserves in the ground that, in the opinion 
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of the Board, may be expected to be produced in 
the form of upgraded synthetic crude oil. 

The Board has observed that, for the schemes 
involved in the various oil sands applications, 
the fuel, transportation and general processing 
losses experienced in upgrading the raw oil to 
synthetic crude oil were found or estimated to 
account for a total loss of about 30 per cent of 
the recovered raw oil. The Board has assumed that 
this value represents a reasonable average factor 
for the entire oil sands reserves. On this basis, 
the recovery factors shown in the right column 
were obtained by multiplying the raw oil recovery 
factors of the centre column by 70 per cent and 
rounding the product to the nearest even multiple 
Ociet uy er. 

oe Tabulation of Reserves 

The Board has estimated that the oil sands of northern 
Alberta contain over 700 billion* barrels of oil in place. 
Of this total, over 400 billion barrels are considered as 
recoverable raw oil~-sand oil from which about 300 billion 
barrels of upgraded synthetic crude oil are expected to be 
produced. It is obvious that this reserve is enormous for, 
by comparison, only 18.4 billion barrels of conventional 
oil, in place, or 5.1 billion barrels of conventional 


(6) 


recoverable oil has been found to date in the Province. 


* one billion equals one thousand million 
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The reserve estimates are listed below and on the following 
pages in accordance with the system of classification employed 
for this study. The reserve figures are presented in terms of 


billions of barrels and they have been rounded to the nearest 


tenth of a billion barrels. 


(a) Tova Evacuateo O1L Sawos Reserves - CLassiFiEO BY STRATIGRAPHIC UNIT 


RECOVERABLE RESERVES OF UP- 
GRADED SYNTHETIC Crude DIL 


RECOVERABLE RESERVES 


Reserves iN PLACE, oF Raw Oic-Sanos OiL, 





BA BILLIONS OF BARRELS 
ATHABASCA DEPOSIT 
(WaBitSKAW-McMuRRAY UNIT)... 625.9 369.1 266.9 
BLUESKY~GETHING DEPOSITS,... 51-5 28.3 a 20.6 
Grano RAPIDS DEPOSITS...... 33,4 18.4 SER. 
Totac Evaluated O1e Sanos.., 710,8 415.8 300, 9 


{o) Total Evacuateo O1u Sanos Reserves of ALi Derosite - CLaesiFico BY OVERBURDEN AND DRILLING DEFINITION 


RECOVERABLE RESERVES RECOVERABLE RESERVES CF UP- 
Reserves iN PLACE oF Raw O1.-Sanos O:L, GRADED SyntweTic Crude Dit 
OvERBURDEN B BILLIONS OF BARRELS Evie ONi Sh AES 
ORILLEO UNORILLED TOTAL 


DRI MLE UNORILLED TOTAL DRILLED UNDRILLEO TOTAL 

0-50 10,2 ere 12,4 8.6 We) 10.5 6.1 led 7.4 
50-100 25.6 7.1 32.7 21,8 6,0 27.8 15.4 4,2 19.6 
100-250 39,4 96.1 75.5 27.5 25.3 52.8 oe, 18,1 37,8 
250-500 27,0 65,4 92.4 14,9 36,0 50.9 10.8 26.2 o7eu 
509-1000 30.0 206.8 236,86 16,5 113.7 130.2 122.0 S257; 4.7 
1000-1500 14.8 160,4 175.2 8.2 88,2 96.4 6.0 64.1 70.1 
1500-2000 4,1 47,1 51.2 2.3 2552 Zone 1.6 18,9 20,5 
2000-2500 We eee pee 97 dw meee aS We 12.6 13,8 
TOTALS {54,2 556.6 710,8 101.5 314.3 415,8 72,8 228, 1 300.9 
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(G) Evaluated ReGiRVES OF Tit Aruanasca Utvosit - CLASSIFIED OY OverBuROEN, OIL SATURATION AND DRILLING DEFINITION 


(1) Camu NER OLA SIFICATION 


Recovenaste Res ERvES Recoverasce RESERVES OF UP- 
ae RESERVES 1M PLace, oF Raw O1L-Sanos OIL, eee ANNES Crude OIL 
Rich SANDS . 

DRULUED, she. 2 ewes .. rhe 6.0 4,3 

UNORILLEO....... — 1.6 ay 1,0 
COUR es cate son see 8.7 7.4 5.3 

LATE SANDS 

UCU 2) a na 2.0 1,4 

UNDRILLED..... 0,5 0,4 OF? 
Wy Ce: ae 2.4 1.6 
LEAN SANOS 

PRIULED (ets as « se a : 0,7 0.6 0,4 

UNORILLED....... ee | orl 0.) Q,) 
“ACS gn ge ee oe ne 0,8 O57 05 
Tota, Rich, INTERMEDIATE 
and Lean Sawos, BENEATH 
0-50' of OveRBuURDEN.... 12,4 10.5 7.4 
20-100" OvERBUROEN 
RICH SANDS 

RULE B58. SN < « 18,4 loe7 lay! 

UNGRELLED. 6204000400 od 4,3 _3,9 
TOtauaeiai ss a Or an 23,5 20,0 4,1 
INTERMEDIATE SaNnos 

PiU OED. owen oe. oad 4,8 3,4 

UNORILLED........0- : oe lZ3 0,9 
TOTAM PRG L140. ccnnaedanes 7.3 6,1 4,3 
LEAN SANOS 

DRIGLED. -. Kee tex oa Le) NERS: 0,9 

UNDRILEED SS. UR mA 0,4 0,4 Ds 
(OTe eek. Duews agi & es UP te? tee 


TotaL, Rich, \|NTERMEOIATE 
ano LEAN SANOS BENEATH 
50-100" oF OveRBUROEN.... SYN 27,8 19.6 
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RECOVERABLE RESERVES RECOVERABLE RESERVES OF UP- 
RESERVES IN PLACE, OF Raw OiL-Sawos Oi, GRADED SYNTHETIC Crude OIL, 
100-290" OVERBURDEN Bi ONS OF BARRELS Bipwions OF BARRELS = § _  BiLLIONS OF BARRELS 
H_ SANDS 
DRUUUEM ait ge ge has ats 29.0 20,2 14,5 
UMDRILLEO............. 26.5. 18.6 13.3 
LOUAU yea teas th Ace 55,5 38.8 27.8 
INTERMEDIATE SANDS 
URVELLED gan auntat acess 8,2 aye 1 
UNDRILLEDs. << caeeys oss L$ 5.3 3,8 
Wd (ee eee eVasin ake yess 15.8 11,0 7.3 
LEAN SANDS 
UBSULLED ii fecvescansec 2a 1.6 1.1 
UNORULUED Joe ceils ce PAY. L4 1.9 
EOLA ecieere es eKcek ee ew N.2 3.0 | ‘ae | 
ToTaL, Rich, INTERMEDIATE 
AND LEAN Sanos BENEATH 
100-250' of OverRsuRDEN.., 75.5 52,8 37.8 
250-590" OveReuRDEN 
Rich SANDS 
URILLED io oasmae ss @snans 18,2 10,0 7.3 
DDE ULED 25 ic acces cae ALAR 22.8 16,6 
WOT Akos ss x pvints'an' pines 59.6 32.8 23.8 
INTERMEDLATE SANDS 
PRTLEED Sou a5 > weeks axle e739 3,8 2.8 
BUBRIRLED feu cc cuvec cs 16.2 8,9 .5 
Sint Aerie 5 nina ees eeeane 23.1 12,7 3.3 
Lean SANDS 
DRUREEDs «rusian sess as abe 1,9 120 0.8 
MAUATRLED ss cosces ov satee 4,3 2,4 daz 
BOG AR s vu sie a eee ho-2 exe nee 6.2 3.4 2,5 


TOTAL, RicH, INTERMEDIATE 
AND LEAN SANDS BENEATH 
250-500' oF OvERBURDEN,... 88,3 48,9 4 
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RECOVERABLE RESERVES RecoveraBLe RESERVES oF UP- 
RESERVES IN PLACE, oF Raw Oit-Sanos OIL, GRADED SyntHETIC Crude OIL, 
500-1000" Oye RBYROCN BiLLions oF BARRELS BiLLions OF BARRELS ——BILLIONS OF BARRELS 
Rigi SANOS 
DEN WE Diem ereyaie te veto cucre 2057 11,1 8.1 
RINGO EN me ogee Bae wee 126.0. 69,3 50,4 
STE Metre rnin Siac.e excctio vet a%e's 146.2 80.4 5655 
INTERMEQ!I ATE SANDS 
ORPU EE Oa mticeytcing sae ee. 6.4 3.5 252 
WOR LP LER SG ote os elke cats 43.5 23,9 WFC) 
(CUS ae ope 49,9 27,4 19.9 
LEAN SaNnps 
MOTOR EO eae tac, ed oi ies ae 0.9 0,7 
BRIDOLELEO, hice eee ta 8 & a2 eT pe, vw 
BORA errs eee a arate eet 13.4 7.4 5.4 
loral, Ricw, INTERMEDIATE 
AND LEAN SANDS BENEATH 
500-1000' of OveRBURDEN... 209.5 115.2 83.8 
1000-1500" OvyERBYRDEN 
Rich SANDS 
DUYDEED Gio, 5 ewe an > soo 10,3 ek 1S 
PRORS LUO.) acuvaewee oA 114.3 62,8 N57 
MOUNEMEar. Uv igs ometicnw noes = 124.6 68,5 49,8 
INTERMEDIATE SANDS 
ERILLEO VSS 12902. % pa bin lee 3.1 Vad 1,3 
MNURPELEU, Slee ccs caon 33,9 18.7 13,5 
RAR UMUEROM sons spies <0 voaca' Sacee 37.0 20.4 14,8 
LEAN SANDS 
DRIEOEON doy aged ve MPP Oe 0,9 0,5 0,4 
UNORILEEOP ICP a sevess re 2a) 29 316 
RRR N Pinna sits arr aun ew ¢ Ne 10,0 Ae 4,0 


Totat, RIicH, INTERMEDIATE 
AND LEAN SANOS BENEATH 
1000-1500' oF OvERBUROEN.... 171.6 Sk 68.6 
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RESERVES I!N PLACE, 


eo 


~ 


RECOVERABLE RESERVES 
oF Raw O1L.-Sanvos OIL, 


RECOVERABLE RESERVES OF UP- 
GRAOED SyntHEeTIC Crude OIL, 


1500-2000" OvERSUROEN BILLIONS OF BARRELS BiLLtOnS OF BARRELS ——Biinions oF BARRELS 
RICH SANDS 
MRULEEOR RRS occas a ane (4. ed 0.9 
UNORVOLED. oa vards< onus 20,5 V1.3 Bi2 
HOTA racic vole tee vneae 22,8 12.6 a5) 
| NTERM TE SANOS 
RNCMEO iia Ain vine ow es 0.3 0.1 0.1 
UNDGILLED sis. siete cee ee 9.6 Pree <Fe) 
TN ee erdinns su bin 2 eee + Pi 5.4 4.0 
LEAN SANDS 
URL Ee wotra nits ses ten & 0.1 sf 
UNORILLEO...... St RTA a 2,6 5 viet) 
OY Abe rge Aivcne sie iF x tavieens 2u4 Jee ae4 
ToraL, Rich, !NTERMED! ATE 
ano LEAN Sanos BENEATH 
1500-2000' of OversuURDEN... 35.4 i: Fe. i832 
* NEGLIGIBLE (Less THAN 50 MILLION) 
(11) Eyvabuatep RESERVES OF THE ATHABASCA DEPos(T - CLassiFiEp BY OiL SATURATION OMLY 
RECOVERABLE RESERVES REGOVERABLE RESERVES OF UP- 
RESERVES IN PLACE, oF Raw Oit-Sanos Or, GRADED SYNTHETIO Crude OIL, 
CATEGORY BULLiQNs oF BARRELS BILLIONS OF BARRELS BILLIONS OF BARRELS 
RICH SANDS 
(GREATER THAN 10% 
WEICHT SATURATION),...... 440, 8 260.5 188, 3 
INTERMEDIATE SANDS 
(S to 10% 
WEICHT SATURATION),...... 145,7 85,5 61.9 
LEAN SANOS 
LL, 15% 
WEIGHT GATURATION)....... SEEM 7232) _16,7 
TOTAL 
(GREATER THAN 2% 
WEIGHT SATURATION),...... 625,9 369.1 266, 9 
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(Vit) Evausteo Reserves oF tHe AvHgoasca Nerosit - Cangsi rity oY DRILLING DeriNi Tot ONLY 


RECOVERABLE RESERVES Ri_COViRABL’E Reserves oF UP- 

RESERVES IN PLACE, oF Raw Oie-Sanos OIL, GRADLD SYNTHETIC CRuot OIL, 

BILLIONS OF SARRELS Bi LIONS OF BARRELS | _byuurons of BARRELS 
URUMEED pee tee ere 147.5 Sans (Aue 
WHORTELEO: «nee 478.4 71S 196,8 
TOTAL. SEA oe 625.9 369.1 266.9 


(0) f€vacuateo Reserves oF IHE BLUESKY-GeTHING Unit - CLassiFied BY Derosit, OveRBUROEN AND DRILLING DEFINITION 




















REcOvERABLE RESERVES RecoveraBle Reserves OF Lip- 
Reserves 1N Place, oF Raw O1L-Sanos O1L, GRADED SynTHETIC CRune OIL, 
DrePosit ANO Siuprons of BaRRe ys Bittions or BARRELS BiLLLONS oF BARRELS 
OVERBURDEN ORIMLEO YNORILLCO JoTAL MRILLEO VNDRILLSD Tota, OR}LLCO UNDRILLED JoTAL 
Pract River 
1000 1500! O14 Wee (Ops OF On 0.2 0.1 OF" OF 
1506-2000! lees 14.3 15.6 0.7 Hote SS) Gin Sys i Go? 
2000-2500" +* 3,0 S15 ss: 1,6 ied 43.0 De 12.6 e458 
TOTAL hu 46,0 50.4 a4 253 Bivedh 1,8 18.4 20, 1 
BurFaLO HEAD Hibs 
506-1000! ba 0.1 0.1 ns 0,1 0,1 . us 0.1 
1000-1500" 0,1 a) 0,6 0,1 0.2 0,3 D2 0,2 
1500-2000! : 0,1 0.1 _ Ol 0.1 = onl 0.1 
2000-2500! pee Tas Qu! re oa abe mes ae bee 
TOTAL 0.2 O77 On a 0,4 0,5 0.1 0,3 0.4 
Loon Ri VER 
1000-1500! “ + * * Py * * « - 
1500-2000" # ot O,1 se : 2 ! : uM 
TOTAL 0,1 ss eat 0,1 hs 0,1 oe . - 
ToTaAL, BLuesKy- 
GerHtnc Deposits 4,7 46,8 Bi, 5 2.6 eo 28,3 es 18.7 20.6 


* NecLIGieLe (Less THAN 50 MILLION) 


** INCLUDES THE MINOR RESERVE CONTAINED BENEATH THE OVERBURDEN THICKER THAN 2500', 
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EVALUATED Reserves oF tHe Grand Rapios Formation - Chasstr ico ay Uepos!i, OvERBUROEN AND DRILLING DEFINITION 





REOOVERABLE RESERVES RECOVERABLE RESERVES OF UP- 
RESERVES IN PLACE, oF Raw O1w-Sanos OIL, GRADED SYNTHETIC Crude OIL, 
UVEPOSTT AND BILLIONS OF BARRELS BILLIONS OF BARRELS BILLIONS OF BARRELS 
OVERBURDEN NRILLED UNORILLED TOTAL DRILLED WNDRILLED TOTAL DRILLED UNDRILLEO ToTL 
BAS . 
250-500! 0,1 3,5 3.5 0.1 1,2 ce, 1.4 1.4 
500-1000 ' 14 24.6 26.0 0.8 ome 14,5 0.6 9,8 10.4 
1000-1500 ' =o [ae 20.9 ee 20.5 ee 9 055 : 9,3 0,4 
TOTAL eG 28.9 30.4 0.9 ISI 2 16,7 0.6 Wass Wes 2 
PEuIcan 
500-1000" NEGLIGIBLE - }NCLUDED WITH VALUES BELOW 
1000-1500! 0.3. sick ho S: 0.1 0,8 1,0 0.1 6 8 8§©=— 9,7 
Tota 0.3 its 1,8 0,1 0.86 1.0 0,1 0,6 0.7 
Bap RaPios 
500~1000' 0.1 1.0 he 0,1 0.5 0.6 0.1 O.% 0.4 
1000-1500! —, __NEGLIGIBLE - |NCLUDEO WITH ABOVE VALUES _ aS ee a 
TOTAL 0.1 1.0 ton 0,1 0.5 0.6 0.1 0,4 0.4 
Total, GRAND ; 
RaPios Derosi1s 2,0 Sieh 33,3 ian Wie 18.3 0.8 1225 idee 


* NeccictsLe (Less THAN 50 MILLION) 


Lo Ke tiabija ty of the Estimates 


This discussion, pertaining to the reliability of the fore- 
going reserve estimates, is divided into two parts. The first 
part Contains reference to the fallible aspects of (he evaluation 
methods and the second section contains reference to the accuracy 
and tinality of the reserve estimates. 

(a) Fallible Aspects of the Evaluation Methods 

Where possible, reliable data and evaluation procedures 


were used to estimate the oil sands reserves. However, for 
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certain parts of the reserves, it was necessary to use less 

reliable data and to take the more fallible approaches des- 

eribed ™bé vow. 
(i) Over much of the undrilled reserve areas, dis- 
tances of many miles exist between adjacent wells or 
evaluation holes. In preparing the reserve maps, 
the Board had no alternative but to connect, by 
isopachs, the values derived at the widely-spaced 
wells or holes. This was done with some reservation 
because, in certain areas near the Athabasca River 
where closely spaced holes exist, considerable 
variations in oil feet were noted over distances of 
only one mile or less. Although the oil content is 
expected to be more uniform in other parts of the 
Athabasca deposit and in the Bluesky~Gething and 
Grand Rapids deposits, the Board recognizes that the 
reserves contained between widely-spaced holes or 
wells could warrant considerable revision when 
additional drilling is undertaken. 
(ii) For certain uncored holes of the Athabasca 
deposit, the core analysis-~log relationship estab- 
lished at nearby cored holes obviously did not apply. 
In Such Winstances!» arbitrary positions had to be 
employed for the lines used to distinguish between 
the rich and intermediate oil saturation categories 
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calculations were considerably influenced by this 
arbitrary decision and, therefore, they are subject 
taverror. 

(Lii) To estimate the reserves of the lean oil sands 
of the Athabasca deposit, the Board first established 
from 480 core analyses the ratio of lean oil sands 
pay to intermediate oil sands pay and then multiplied 
this ratio by the reserves of the intermediate oil 
sands that had been estimated from reserve maps. The 
reserves based on this short-cut method are subject 
to some error because the distribution pattern of 

the lean oil sands is not necessarily identical to 
that of the intermediate oil sands throughout the 
deposit. 

(iv) The resistivity log characteristics of certain 
chalky and/or coaly sandstones of the Bluesky-Gething 
unit and certain fresh water-~bearing, highly cemented 
and/or conglomeratic sandstones of the Grand Rapids 
formation are similar to the resistivity log charac- 
teristics of oil sand. Due to this resemblance, some 
barren intervals may have been inadvertently inter- 
preted as oil sand at certain wells for which porosity 
logs were not available. 

(v) Some of the oil sand pay recognized for estimating 
the reserves of the Bluesky~Gething and Grand Rapids 


deposits may have contained gilsonite rather than the 
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(b) 


normal type of oil=sands oil. However, where gilsonite 
was seen in the cuttings, the section was excluded from 
the reserve estimates, 

(vi) When relatively light oil staining was observed 
in the sample cuttings, the Board assumed that the 

sand was only partly saturated and applied a low 
saturation factor to the sand. In reality, the sand 
may have been completely saturated and the appearance 
of the light oil staining may have been caused by the 
washing of the cuttings or by the existence of a lighter 
gravity ofi at the area being evaluated. 

(vii) All saturation factors used for the Bluesky- 
Gething and Grand Rapids deposits were estimated from 
the appearance of the sample cuttings. Although the 
estimates are believed to be somewhat conservative, 
the fact that the method is qualitative rather than 
quantitative could mean that the estimates made for 
at least some of the wells are in considerable error. 


Accuracy and Finality of the Reserve Estimates 


The Board believes that its estimate of the total oil 


sands reserves for the combined deposits is in reasonable 


agreement with the actual reserves in existence within the 


areas evaluated. However, it believes that a considerable 


amount of additional evaluation drilling is needed to 


establish, with confidence, the magnitude of the reserves 


within certain widespread portions of the area classified 
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as undrilled in this report. Such drilling would not only 
permit a more accurate estimate of the total oil sands 
reserves but it would enable a more reliable geographic 
identification af the undrilled reserves which constitute 
almost 80 per cent of the reserves of the Athabasca deposit 
and over 90 per cent of the ceserves of the other deposits. 
The Board expects that additional oil sands reserves 
will be delineated when evaluation drilling is conducted 
beyond the areas evaluated for the purpose of this report. 
The possibility of such a reserve growth is particularly 


applicable to the Bluesky-Gething and Grand Rapids deposits. 
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